Classic anatomical studies describe two membranes -atlanto-occipital and atlanto-axial in the posterior aspect of the craniocervical region. During many surgical procedures in this area, however, we have not found such membranes. Objective: To clarify the anatomical aspects and structures taking part of the posterior atlanto-occipital and atlanto-axial area. Method: Analysis of histological cuts of three human fetuses and anatomical studies of 8 adult human cadavers. Results: In both atlanto-occipital and atlanto-axial areas, we have observed attachment between suboccipital deep muscles and the spinal cervical dura. However, anatomical description of such attachments could not be found in textbooks of anatomy. Conclusion: Our study shows the absence of the classical atlanto-occipital and atlanto-axial membranes; the occipito-C1 and C1-C2 posterior intervals are an open area, allowing aponeurotic attachment among cervical dura mater and posterior cervical muscles.
The posterior craniocervical junction is composed of bony and ligamentous structures that together are responsible for biomechanical stability. The atlanto-axial and atlanto-occipital membranes have been described, but their detailed anatomy, histology and biomechanics have not been clarified. This region may be affected by several pathologies, particularly by trauma, tumors and congenital malformations. Thus, a better understanding of its anatomy is essential for surgeons involved in spine care.
The atlanto-occipital and atlanto-axial membranes have been described by many authors 1, 2 . Pernkopf and Fick initially questioned this anatomical description, in 1952 and 1904, respectively. They noted that the atlanto-occipital membrane differs from the ligamentum flavum, and that it may be absent in some cases in which the dura mater itself constitutes the sole closing of the atlanto-occipital region.
During surgical procedures involving this area, the authors paid special attention to identifying the different anatomical planes. Surprisingly, we did not find the classical membranes in the deep posterior occipito-cervical region. These observations are in agreement with more recent anatomical studies, which demonstrate that these classical membranes are not part of the closing tissues of this region 2, 3, 4, 5 . Our study provides a better understanding of the anatomical aspects of this region's closing structures, as well as their implication in surgical approaches to the occipito-cervical region. To the best of our knowledge, ours is the only study that uses fresh cadavers and histological observations in human fetuses.
METHOD

Study design
For the last five years, we have been observing and documenting, with microscopic photos and videos, the anatomical disposition of the elements involved in closing the posterior atlanto-occipital and atlanto-axial spaces, as well as the anatomical relationship of deep muscles and their fascia to spinal dura mater. The subjects were patients who underwent posterior fossa and craniocervical surgery. In our surgical observations, we were unable to identify the posterior membranes in the atlanto-occipital and atlanto-axial spaces. We speculated that the anatomical changes caused by pathologies involving the craniocervical junction could modify ordinary anatomy. To clarify our observations, we performed the histological and anatomical studies, as follows.
Histological study
We examined 10-mm thick serial sections at the Institut d' Anatomie Normale de Strasbourg, France. These sections, in different anatomical planes, were taken from three human fetal cadavers 6 .
Anatomical study
Eight fresh adult cadavers, whose ages varied between 57 and 90 years, were prepared for dissection at the Institute of Anatomy at the University of Sherbrooke, Canada. None had a traumatic cause of death (Table) .
The body was placed in the ventral position and the craniocervical junction was prepared for dissection. The skin, superficial fascia and superficial muscles over the posterior neck region were incised, and the occipital bone, C1 and C2 were exposed, providing access to the suboccipital muscles. The relation between the spinal dura mater and posterior components of the vertebral canal were exposed and recorded by digital images taken with a LEICA M320 microscope with a magnification of 6.4x ( Figure 1 ).
RESULTS
Atlanto-occipital space
This region is situated between the occipital bone and the first cervical vertebra (C1). During histological preparations, we observed that the anterior fascia of the rectus capitis posterior minor (RCPm) muscle was not completely attached to the posterior border of C1, as classically described. An anterior expansion of the RCPm fascia, detached from the anterior aspect of the muscle, passes through a space filled with loose connective and adipose tissue, before attaching itself to the spinal dura mater (Figure 2) .
The anatomical study provided the same results. Under microscopic view, the first observation pointed to the absence of a unique atlanto-occipital membrane. We can observe the dura mater without further dissection or opening the space (Figure 3 ).
All the dissections and histological observations confirmed the absence of the atlanto-occipital membrane in the atlanto-occipital space, and suggested a new finding: the existence of a myodural attachment between the RCPm and the dura mater (Figure 4 ).
Atlanto-axial space
The atlanto-axial space is situated between the posterior arch of C1 and the posterior arch of C2. The rectus capitis posterior major and oblique inferior muscles dorsally cover it.
During our histological preparations, we observed that the anterior fascia of the rectus capitis posterior major (RCPma) muscle was not completely attached to the posterior border of C2, as classically described. An anterior expansion of the fascia of the RCPma, detached from the anterior aspect of the muscle, passes through a space filled with loose connective and adipose tissue, before attaching itself to the spinal dura mater (Figure 2 ). The anatomical study showed the same findings. Under microscopic view, the first observation pointed to the absence of a unique atlanto-axial membrane. We can observe the dura mater without further dissection or opening in this space. As in the atlanto-occipital space, we found a myodural attachment between the RCPma and the dura mater ( Figure 5 ).
All the dissections and histological observations confirmed the absence of the atlanto-axial membrane and also suggested the existence of a myodural attachment between the RCPma and the dura mater ( Figure 5 ).
DISCUSSION
The interest in conducting this study was to observe the anatomical constitution of the occipito-cervical region, as well as to evaluate the role these spaces play in surgical procedures. In classical anatomy books, the atlanto-occipital and alanto-axial membranes are described as thin membranes between the atlanto-occipital and atlanto-axial spaces 1 . Based on our findings, we propose a new description of the anatomical constitution of the covering structures of the posterior cranio-vertebral space ( Figure 6 ). Instead of the classical membranes, thin expansions of some muscular fascia descend directly to the dura mater. These findings are in agreement with the first description of the atlanto-occipital level by Kahn et al. 3 and further corroborated by Hack et al. 7 and Scali et al. 2, 5 . At the C1-C2 level, our observations differed from the reports of Mitchell et al. 8 and Dean and Mitchell 9 that described an attachment of the ligamentum nuchae to the cervical posterior dura mater. We were unable to identify any kind of communication between the ligamentum nuchae and dura mater.
In 1992, Khan et al. 3 conducted a study on the posterior intervertebral spaces of the craniovertebral junction and observed the absence of the atlanto-axial membrane. Pimenta and cols. 4 , in an anatomical study, observed the absence of the atlanto-occipital and atlanto-axial membranes in five embalmed preparations of the occipitocervical regions. In 2011, Scali and cols. published another anatomical study with 13 embalmed specimens fixed in formalin and confirmed the absence of the atlanto-axial membrane between C1 and C2 spaces. Two years later, the same author performed a histological study and described the existence of attachments between RCPma and the dura mater at C1-C2 space 5, 10 . One criticism of the previous anatomical study's use of embalmed cadavers was the possibility that the solution used to fix the specimens could produce some degree of degeneration and such thin membranes would therefore not be observed.
In order to avoid any degeneration, we did not use solutions and all dissections were performed on fresh cadaveric specimens.
Our results allow us to conclude that, even in the early stages of human embryological development, and also in fresh cadavers, the atlanto-occipital and atlanto-axial membranes were absent and connections between the RCPm and RCPma with the dura mater can be seen.
However, the exact role played by those muscle expansions and their connections with the dura mater has not yet been fully understood. In such a flexible area, muscle expansions may, for instance, ensure adequate tension of the dura during the performance of complex movements.
One hypothesis speculated by the authors is that the connective tissue areas could be interpreted as an adaptation of the vertebra, muscle and dura mater to movement. Moreover, adipose tissue, also known for favouring movement (it has lubricating properties and the venous plexus system prevents painful traction or friction), was found on the described epidural space. It was also noted that in the rostral end of the posterior epidural space, the two membranes disappear and are replaced by loose connective spaces, a fact that the authors could not correlate with a specific function.
Connective bridges between muscles and the dura mater also constitute a passage for nervous fibres. Although this situation has not been described at the posterior occipitocervical region, it was recently described as a connection between dura mater and posterior longitudinal ligament In conclusion according to the histological and anatomical observations set out above, we demonstrated the absence of the classical atlanto-occipital and atlanto-axial membranes in histological fetal observations and in fresh cadaver dissections. Thus, the occipito-C1 and C1-C2 intervals, in our study design, constitute an open area, allowing aponeurotic expansions to attach to the cervical dura mater.
